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(54) Piston type compressor and compressor assembly method 



(57) A piston (35) type compressor has a housing, 
a crank chamber (15) and a drive shaft (16) supported 
by the housing. A front restriction (11a) and a rear re- 
striction (51a, 14e) are located in the housing, the front 
and rear restrictions (11a, 51a, 14e) restrict axial move- 
ment of the drive shaft (16). The front restriction (11a) 
restricts forward movement of the drive shaft (1 6). The 
rear restriction (51a, 14e) restricts rearward axial move-, 
ment of the drive shaft (16). A first clearance (X1) is lo- 



cated between the rear end of the drive shaft (16) and 
the rear restriction (51a, 14e) when the drive shaft (16) 
is restricted bythefront restriction (11a). A second clear- 
ance (X2) is formed between the piston (35) and a valve 
plate (14) when the drive shaft (16) is restricted by the 
front restriction (11a) and when the piston (35) is in the 
top dead center position. The first clearance (X1 ) is nar- 
rower than the second clearance. The method of as- 
sembly the piston (35) easily sets the first clearance 
(X1). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a piston type 
compressor used in, for example, a vehicle air condi- 
tioner and a compressor assembly method. 
[0002] A conventional variable displacement swash 
plate type compressor shown in Figure 7 includes an 
electromagnetic clutch 101 between a drive shaft 104 
and a vehicle engine Eg, which is an external driving 
source. The electromagnetic clutch 1 01 includes a rotor 
1 01 b connected to the engine Eg and an armature 101a 
integrally, rotatably secured to the drive shaft 1 04. When 
the electromagnetic clutch 101 is turned on, the arma- 
ture 101a is pulled toward the rotor 101b and engages 
the rotor 101b, which engages the clutch 101 . Accord- 
ingly, the power of the engine Eg is transmitted to the 
drive shaft 104. When the electromagnetic clutch 101 is 
turned off, the armature 101a is moved away from the 
rotor 101b, which disengages the clutch 101. Accord- 
ingly, the drive shaft 104 is disconnected from the en- 
gine Eg. 

[0003] A rotor 1 05 is fixed to the drive shaft 1 04 in a 
crank chamber 1 07. A thrust bearing 111 is located be- 
tween the rotor 105 and a housing 110. A swash plate 
103 is connected, through a hinge mechanism 106, to 
the rotor 105. The swash plate 103 is supported on the 
drive shaft 104 and inclines with respect to the axis L. 
The swash plate 1 03 is driven integrally with the drive 
shaft 104 through the hinge mechanism 106. A restric- 
tion ring 109 is provided on the drive shaft 104. When 
the swash plate 103 contacts the restriction ring 109, 
the swash plate 103 is defined at the minimum inclina- 
tion angle position. 

[0004] A cylinder bore 1 08 is formed in the housing 
1 1 0. A piston 102 is accommodated in the cylinder bore 
1 08 and is connected to the swash plate 1 03. 
[0005] The inclination angle of the swash plate 1 03 is 
changed by changing the difference between the pres- 
sure in the crank chamber 107 and the pressure in the 
cylinder bore 108 through the piston 102. Thus, when 
the inclination angle is changed, the stroke of the piston 

102 is changed so that the discharge displacement is 
changed. 

[0006] When the inner pressure of the crank chamber 
107 is increased and the difference between the in- 
creased pressure in the crank chamber 107 and the 
pressure in the cylinder bore 108 becomes large, the 
inclination angle of the swash plate 1 03 decreases and 
the discharge displacement of the compressor becomes 
small. A broken line in Figure 7 shows the swash plate 

103 at the minimum inclination angle position, where it 
contacts the restriction ring 1 09. On the other hand, 
when the inner pressure of the crank chamber 107 is 
decreased and the difference between the decreased 
pressure in the crank chamber 1 07 and the pressure in 
the cylinder bore 1 08 becomes small, the inclination an- 



gle of the swash plate 1 03 increases and the discharge 
displacement of the compressor becomes large. As a 
result, the swash plate 103 is moved to the maximum 
inclination angle position. 
s [0007] When refrigerant gas is being compressed, 
and in particular, when the swash plate 103 is at the 
maximum inclination angle position, a strong compres- 
sion load force is transmitted through the piston 1 02, the 
swash plate 103, the hinge mechanism 106, the rotor 
10 1 05 and the drive shaft 1 04 to the inner wall surface of 
the housing 110. 

[0008] When the electromagnetic clutch 101 is turned 
off, or when the engine Eg is stopped, the pressure in 
the crank chamber 1 07 is increased and the swash plate 
1 $ 1 03 is moved to the minimum inclination angle position. 
As a result, the compressor is stopped in a state where 
the inclination angle of the swash plate 103 is minimum, 
in other words, in a state where the discharge displace- 
ment is minimum. Therefore, the compressor is always 
20 started from the minimum discharge displacement, 
where the load torque is minimum. This reduces the 
shock generated when the compressor is started. In ad- 
dition, when a vehicle is abruptly accelerated, the load 
on the engine Eg is reduced. Thus, the pressure in the 
25 crank chamber abruptly increases so that the discharge 
displacement of the compressor becomes minimum. 
[0009] However, when the pressure in the crank 
chamber 1 07 is abruptly increased, the inclination angle 
of the swash plate 103 is rapidly reduced. Accordingly, 
30 the swash plate 1 03 (as shown by the broken line in Fig- 
ure 7) moves to the minimum inclination angle position 
and strongly presses against the restriction ring 109. 
Further, the swash plate 1 03 pulls the rotor 1 05 rearward 
(in the right direction of Figure 7) through the hinge 
35 mechanism 106. As a result, the drive shaft 104 is 
moved axialiy rearward against the force of a support 
spring 113. 

[0010] When the drive shaft 1 04 is moved in the rear 
direction when the compressor is stopped by disen- 

40 gagement of the electromagnetic clutch 1 01 , the arma- 
ture 101a, which is secured to the drive shaft 104, is 
moved toward the rotor 101b. This may eliminate the 
clearance between the armature 101a and the rotor 
101b, and the armature 101a may contact the rotor 

45 101b, which is rotating. As a result, noise or vibration 
occurs, or, in spite of the deactivation of the clutch 101 , 
the power of the engine Eg may be transmitted to the 
drive shaft 104. 

[0011] When the drive shaft 104 is moved rearward, 
50 the piston 1 02, which is connected to the drive shaft 1 04 
through the rotor 105, the hinge mechanism 106, and 
the swash plate 1 03 are also moved rearward. Thus, the 
top dead center position of the piston 1 02 is moved to- 
ward a valve plate 112. Accordingly, the piston, which 
55 reciprocates in the cylinder bore 108, may repeatedly 
collide with the valve plate 112. As a result, vibration or 
noise occurs. 

[001 2] To prevent the movement of the drive shaft 1 04 
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in the rearward direction, increasing the force applied 
by the supporting spring 1 1 3 has been considered. How- 
ever, when the force of the supporting spring 113 is in- 
creased, the life of the thrust bearing between the hous- 
ing 1 1 0 and the rotor 1 05 is reduced, and the power loss s 
of the engine Eg is increased. 

SUMMARY OF THE INVENTION 

[001 3] The object of the present invention is to provide 10 
a piston type com pressor that requires no spring for urg- 
ing a drive shaft, and an assembly method for the same. 
[0014] To attain the above-mentioned object, the 
present invention provides a piston type compressor. 
The compressor includes a housing and a crank cham- 15 
ber formed in the housing. A drive shaft is rotatably sup- . 
ported by the housing in the crank chamber. The drive* - 
shaft has an end surface. A cylinder bore is formed in 
the housing. A piston is located in the cylinder bore. The 
piston reciprocates between a top dead position and a 20 
bottom dead position. A valve plate is located at an op- 
posite side of the piston from the crank chamber. A 
swash plate is connected with the piston to change the 
rotation of the drive shaft to reciprocation of the piston. 
The swash plate integrally rotates with the drive shaft. 25 
A front restriction and a rear restriction are located in- \ 
the housing and for restricting a movement in the axial 
direction of the drive shaft. The front restriction restricts 
the axial movement of the drive shaft in a forward direc- 
tion. The rear restriction restricts axial movement of the 30 
drive shaft in a rear direction. A first clearance is formed 
between the end surface of the drive shaft and the rear 
restriction when the movement of the drive shaft is re- 
stricted by the front restriction. A second clearance is 
formed between the piston and the valve plate when the 35 
movement of the drive shaft is restricted by the front re- 
striction and when the piston is in the top dead center 
position. The first clearance is smaller than the second 
clearance. 

[0015] The present invention also provides an anoth- 40 
er piston type compressor. The compressor includes a 
housing and a crank chamber formed in the housing. A 
drive shaft is rotatably supported by the housing in the 
crank chamber. The drive shaft has an end surface. 'A • 
cylinder bore is formed in the housing. A piston is locat- 45 
ed in the cylinder bore. The piston reciprocates between 1 
a top dead position and a bottom dead position. A valve 
plate is located at an opposite side of the piston from 
the crank chamber. A swash plate is connected with the 
piston to change the rotation of the drive shaft to recip- so 
rocation of the piston. The swash plate integrally rotates 
with the drive shaft. An electromagnetic clutch couples 
and decouples a power source and the drive shaft. The 
power source is located outside of the housing. A driven 
rotary member is supported on the housing. An arma- ss 
ture is integrally connected with the drive shaft and fac- 
ing the rotary member. An electromagnetic coil gener- 
ates an electromagnetic force to engage the armature 
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with the rotary member. A front restriction and a rear re- 
striction are located in the housing for restricting axial 
movement of the drive shaft. The front restriction re- 
stricts movement of the drive shaft in a forward direction. 
The rear restriction restricts axial movement of the drive 
shaft in a rearward direction. A first clearance is formed 
between the end surface of the drive shaft and the rear 
restriction when the movement of the drive shaft is re- 
stricted by the front restriction, wherein a second clear- 
ance is formed between the armature and the driven ro- 
tary member when the drive shaft is restricted by the 
front restriction. The first clearance is smaller than the 
second clearance. 

[001 6] The present invention also provides an assem- 
bly method for piston type compressor. The method 
comprises locating an end portion of a drive shaft in an 
accommodation hole of a housing and pressing a re- 
striction member by a first portion of a jig into the ac- 
commodation hoie. The pressing includes pressing the 
restriction member axialfy in the accommodation hole 
until movement of the drive shaft is restricted by a wall 
of the housing after a second portion of the jig contacts 
an end surface of the drive shaft, and the pressing step 
further includes forming a predetermined clearance be- 
tween the end surface of the drive shaft and a restriction 
surface of the restriction member. 
[0017] The present invention provides another an as- 
sembly method for a piston type compressor. The meth- 
od includes locating an end portion of a drive shaft in an 
accommodation hole of a housing, and pressing a con- 
tact member on the drive shaft by a first portion of a jig. 
The pressing includes pressing the contact member ax- 
ialfy on the drive shaft by the first portion of the jig to a 
; position where a second portion of the jig contacts a wall 
in which the accommodation hole is formed, and the 
pressing further includes forming a predetermined 
clearance between the end surface of the contact mem- 
ber arid a valve plate. 

[0018] Other aspects and advantages of the invention 
will become apparent from the following description, tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by way of example the principles of the inven- 
tion. • 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Figure 1 is a cross -sectional view of a variable dis- 
placement swash plate type compressor in a first 
embodiment of the present invention; 

Figure 2 is a partial, exploded, cross-sectional view 
of the compressor of Figure 1 ; 
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Figure 2 (a) is an enlarged cross sectional view of 
a portion of Figure 2; 

Figure 3 (a) is a partial enlarged cross-sectional 
view illustrating a state before a restriction member s 
is accommodated in an accommodation hole; 

Figure 3 (b) is a partial enlarged cross-sectional 
view illustrating a state after a restriction member is 
accommodated in an accommodation hole; w 

Figure 4 is a partial enlarged cross -sectional view 
showing the drive shaft and a restriction member in 
a second embodiment of the present invention; 
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Figure 4 (a) is an enlarged cross sectional view of 
a portion of Figure 4; 

Figure 5 (a) is a partial enlarged cross-sectional 
view illustrating a state before the restriction mem- 20 
ber in Figure 4 is accommodated in an accommo- 
dation hole; 

Figure 5 (b) is a partial enlarged cross-sectional 
view illustrating a state after the restriction member 25 
in Figure 4 is accommodated in an accommodation 
hole; 

Figure 6 is a partial enlarged cross-sectional view 
showing the drive shaft and a restriction member in 30 
a third embodiment of the present invention; and 

Figure 7 is a cross-sectional view of a conventional 
compressor. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



35 



[0020] A piston type variable displacement swash 
plate type compressor used in a vehicle air conditioner 40 
and a compressor assembly method will be described 
with reference to Figures 1 to 3(b). 
[0021] As shown in Figure 1 , a front housing member 
11 and a rear housing member 13 are connected to a 
cylinder block 12. The cylinder block 12 is made of an 45 
aluminum type metallic material. A valve plate 1 4 is pro- 
vided between the rear housing member 1 3 and the cyl- 
inder block 12. The front housing member 11 , the cylin- 
der block 12, and the rear housing member 13 are fas- 
tened by a through bolt or the like. The housing of the so 
compressor includes the front housing member 11 , the 
cylinder block 12, and the rear housing member 1 3. The 
left side of Figure 1 shows the front end of the compres- 
sor and the right side of Figure 1 shows the rear end. 
[0022] The valve plate 1 4 includes a main plate 1 4a, 55 
a first subplate 1 4b and a second subplate 1 4c. The sub - 
plates 14b, 14c sandwich the main plate 14a. A retainer 
plate 14d is provided on the second subplate 14c. The 



front surface of the first subplate 14b of the valve plate 
14 is connected to a rear end surface 12b of the cylinder 
block 12. 

[0023] A crank chamber 15 is defined between the 
front housing member 11 and the cylinder block 12. A 
drive shaft 1 6 is rotatably supported on the front housing 
member 11 and the cylinder block 12 so that it passes 
through the crank chamber 15. The drive shaft is made 
of an iron type metallic material. The front end of the 
drive shaft 1 6 is-supported on the front housing member 
11 through a radial bearing 1 7. An accommodation hole 
12a is formed substantially in the center of the cylinder 
block 12. The rear end of the drive shaft 1 6 is supported 
on the cylinder block 1 2 through a radial bearing 1 8, and 
the rear end of the drive shaft 1 6 located in the accom- 
modation hole 12a. 

[0024] An electromagnetic clutch 23 is provided be- 
tween the engine Eg and the drive shaft 1 6. The clutch 
23 selectively transmits the power of the engine Eg to 
the drive shaft 16. The electromagnetic clutch 23 in- 
cludes a pulley 24, a hub 27, an armature 28 and an 
electromagnetic coil 29. The pulley 24 is rotatably sup- 
ported on the front end of the front housing member 11 
through an angular bearing 25. A belt 26 is wound over 
the pulley 24 to transmit the power of the engine Eg to 
the pulley 24. The hub 27 is elastic and is fixed to the 
front end portion of the drive shaft 16. The hub 27 sup- 
ports the armature 28. The armature 28 opposes the 
pulley 24. The electromagnetic coil 29 is supported on 
the front wall of the front housing member 11 to oppose 
the armature 28 through the pulley 24. 
[0025] When the coil 29 is energized when the engine 
Eg is running, a force based on the electromagnetic 
force pulls the armature 28 towards the pulley 24. There- 
fore, the armature 28 engages the pulley 24 against the 
elastic force of the h ub 27, and the clutch 23 is engaged. 
In this state, the driving force of the engine Eg is trans- 
mitted to the drive shaft 1 6 through the belt 26 and the 
clutch 23 as shown in Figure 1. When the electromag- 
netic coil 29 is demagnetized, the armature 28 is moved 
away from the pulley 24 by the elastic force of the hub 
27, which disengages the clutch 23. When the clutch is 
disengaged, the transmission of the driving force from 
the engine Eg to the drive shaft 1 6 is shut off as shown 
in Figure 2. 

[0026] As shown in Figure 1 , a rotor 30 is fixed to the 
drive shaft 16 in the crank chamber 15. A thrust bearing 
20 is located between the rotor 30 and the inner wall of 
the front housing member 11 . A swash plate 31 , which 
is also referred to as a drive plate, is supported on the 
drive shaft 16. The swash plate 31 moves in the axial 
direction L and inclines. A hinge mechanism 32 links the 
rotor 30 and the swash plate 31 . The swash plate 31 is 
connected to the rotor 30 through the hinge mechanism 
32. The hinge mechanism 32 drives the swash plate 31 
together with the rotor 30. In addition, the hinge mech- 
anism 32 guides the movement of the swash plate 31 
on the drive shaft 1 6. When the swash plate 31 is moved 
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toward the cylinder block 12, the inclination angle of the 
swash plate 31 decreases, and when the swash plate 
31 is moved toward the rotor 30, the inclination angle of 
the swash plate 31 increases. 

[0027] A restriction ring 34 is attached to the drive 
shaft 16 between the swash plate 31 and the cylinder 
block 1 2. As shown by the broken line in Figure 1 , when 
the swash plate 31 contacts the restriction ring 34, the 
inclination angle of the swash plate 31 is minimum. On 
the other hand; as shown by the solid line in Figure 1 , 
when the swash plate 31 contacts the rotor 30, the in- 
clination angle of the swash plate 31 is maximum. 
[0028] A plurality of cylinder bores (only one shown in 
Figure 1) are located at equal intervals around the ac- 
commodation hole 12a and the axis L. A single head 
type piston 35 is fitted in each cylinder bore 33. Each 
piston 35 is connected to the swash plate 31 through a 
pair of shoes 36. The swash plate 31 converts rotation 
of the drive shaft 1 6 to reciprocation of the piston 35 in 
the cylinder bore 33. 

[0029] A suction chamber 37, which is part of a suc- 
tion pressure zone, is defined at substantially the center 
of the rear housing member 13. A discharge chamber 
38, which is part of a discharge pressure zone, is formed 
around the suction chamber 37 in the rear housing 
member 13. The main plate 14a of the valve plate 14 
includes a suction ports 39 and discharge ports 40 in 
correspondence with cylinder bores 33. The first sub- 
piate 14b includes suction valves 41 corresponding to 
the suction ports 39. The second subplate 14c includes 
discharge valves 42 corresponding to the discharge 
ports 40. The retainer plate 14d includes retainers 43 
corresponding to the discharge valves 42. The retainer 
43 defines the maximum degree of opening of the dis- 
charge valve 42 corresponding to the retainer 43. 
[0030] The following description refers to one cylinder 
bore 33, however, this description applies to all the cyl- 
inder bores 33. When the piston 35 is moved from the 
top dead center position toward the bottom dead center 
position, refrigerant gas in the suction chamber 37 flows 
from the suction port 39 into the cylinder bore 33 while 
opening the suction valve 41 . On the other hand, when 
the piston 35 is moved from the bottom dead center po- 
sition toward the top dead center position , the refrigerant 
gas in the cylinder bore 33 is compressed to a prede- 
termined pressure and is then discharged from the dis- 
charge port 40 to the discharge chamber 38 while open- 
ing the discharge valve 42. When the piston 35 is locat- 
ed at the top dead center position, a space containing 
compressed the refrigerant gas is defined between the 
head of the piston 35 and the front end surface of the 
valve plate 14, in the cylinder bore 33. 
[0031] The compression load of the refrigerant gas 
that acts on each piston 35 is received by an inner wall 
face, or a first restriction surface lla, through the shoes 
36, the swash plate 31 , the hinge mechanism 32, the 
rotor 30 and the thrust bearing 20. 
[0032] A supply passage 44 connects the discharge 
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chamber 38 with the crank chamber 15. A bleed pas- 
sage 45 connects the crank chamber 1 5 with the suction 
chamber 37. A displacement control valve 46 is located 
in the supply passage 44. An electromagnetic displace- 

5 ment control valve 46 includes a valve body 46a, a so- 
lenoid 46b and an opening spring 46c. The valve body 
46a opens and closes the supply passage 44. The so- 
lenoid 46b operates the valve body 46a in response to 
an external signal. The opening spring 46c urges the 

10 valve body 46a in the direction that increases the open- 
ing size of the supply passage 44. 
[0033] When the level of the current supplied to the 
solenoid 46b is increased, the valve body 46a is moved 
in the direction that decreases the opening size the sup- 

1 5 ply passage 44 against the force of the opening spring 
46c. On the other hand, when the level of the current to 
the solenoid 46b is decreased, the valve body 46a is 
moved in the direction that increases the opening size 
the supply passage 44. In addition, when the current to 

20 the solenoid 46b is stopped, the valve body 46a fully 
opens the supply passage 44 due to the force of the 
opening spring 46c. 

[0034] As described above, by controlling the opening 
size of the supply passage 44 by the displacement con- 

25 trol valve 46, the amount of refrigerant gas supplied to 
the crank chamber 15 is controlled, and the pressure in 
the crank chamber 15 is changed. Thus, the difference 
between the pressure of the crank chamber 15 and the 
pressure of the cylinder bore 33 through the piston 35 

30 is changed, and the inclination angle of the swash plate 
31 is changed. As a result, the stroke of each piston 35 
is changed so that the discharge displacement is con- 
trolled. 

[0035] When the pressure in the crank chamber 1 5 is 

35 increased and the difference between the pressure in 
the crank chamber 15 and the pressure in the cylinder 
bore 33 is increased, for example, the inclination angle 
of the swash plate 31 is decreased, and the discharge 
displacement of the compressor is decreased. On the 

40 other hand, when the pressure in the crank chamber 15 
is decreased and the difference between the pressure 
in the crank chamber 1 5 and the pressure in the cylinder 
bore 33 is decreased, the inclination angle of the swash 
plate 31 is increased and the discharge displacement of 

45 the compressor is increased. 

[0036] When the electromagnetic clutch 23 is turned 
off, the current to the solenoid 46b is stopped. As a re- 
sult, the displacement control valve 46 fully opens the 
supply passage 44. Thus, the pressure in the crank 

so chamber 15 is increased and the swash plate 31 is 
moved to the minimum inclination angle. Consequently, 
the compressor is stopped in a state where the inclina- 
tion angle of the swash plate 31 is minimum, in other 
words, in a state where the discharge displacement is 

55 minimum. Therefore, since the compressor is always 
started from a state of the minimum discharge displace- 
ment where the load torque is minimum, shock gener- 
ated at the time of starting the compressor is reduced. 
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[0037] When driving power is required for accelerat- 
ing the vehicle or for climbing a hill, the displacement 
control valve 46 fully opens the supply passage 44 so 
that the discharge displacement of the compressor is 
reduced to the minimum discharge displacement. As a 
result, the load on the engine Eg is reduced, and the 
vehicle can be rapidly accelerated. 
[0038] When the vehicle is accelerated while the dis- 
charge displacement of the compressor is maximized, 
if the electromagnetic clutch 23 is turned off, the load on 
the engine Eg is reduced. However, since a shock is 
generated when the electromagnetic clutch 23 is en- 
gaged, which may disturb the driver. 
[0039] As shown in Figure 1 and Figure 2, a restriction 
member 51 has a cylindrical shape and is coaxial with 
the axis L. The restriction member 51 is press fixed in 
the accommodation hole 12a of the cylinder block 12. A 
through hole 5 1 c is formed at the center of the restriction 
member 51. The front end surface of the restriction 
member 51 functions as a second restriction surface 
51a and faces the rear end surface 1 6a of the drive shaft 
1 6. The rear end surface of the drive shaft 1 6 functions 
as a contact surface. The restriction member 51 is made 
of a material that has the same thermal expansion co- 
efficient as that of the material (aluminum type metallic 
material) of the cylinder block 12 and is different from 
the material (iron type metallic material) of the drive 
shaft 16. The material of the restriction member 51 is, 
for example, an aluminum type material or brass type 
material having a thermal expansion coefficient near 
that of the aluminum type material. As shown in Figure 
2 (a), a coat of fluoroplastics such as polytetrafluoroeth- 
ylene or the like, and an abrasion resistant coating 51b 
of tin or the like are formed on the second restriction 
surface 51 a of the restriction member 51 . 
[0040] As shown in Figure 2, when forward movement 
of the drive shaft 16 is restricted by the first restriction 
surface lla of the front housing member 1 1 via the thrust 
bearing 20, three clearances X1 to X3 are formed as 
follows. That is, the clearance X1 is formed between the 
contact surface 1 6a of the drive shaft 1 6 and the second 
restriction surface 51a. The clearance X2 is formed be- 
tween the end surface of the piston 35, which is located 
at the top dead center position, and the first subplate 
14b of the valve plate 14. The clearance X3 is formed 
between the pulley 24 and the armature 28 of the elec- 
tromagnetic clutch 23 (which no current is supplied). 
The clearance X1 is smaller than the clearance X2 and 
the clearance X3. For example, the clearance X1 is 
about 0.1 mm, the clearance X2 is about 0.3 mm, and 
the clearance X3 is about 0.5 mm. In Figure 2, the size 
of the respective clearances X1 , X2, and X3 are exag- 
gerated for illustrative purpose. 

[0041] Next, an assembly method for the above-men- 
tioned compressor, in particular, a procedure by the re- 
striction member 51 is press-fitted into the accommoda- 
tion hole 12a of the cylinder block 12 using a jig 61 , will 
be described. 



[0042] In Figure 3 (a) and Figure 3 (b), the principal 
portion of the compressor, before the electromagnetic 
clutch 23, the rear housing member 13 and the valve 
plate 14 are assembled, is shown in an enlarged scale. 
5 In this state the rear end of the accommodation hole12a 
is open. The restriction member 51 is press-fitted into 
the accommodation hole 12a through this opening. 
[0043] As shown in Figure 3 (a), the jig 61 is cylindrical 
and has a diameter smaller than that of the accommo- 
*o dation hole 12a. The jig 61 includes a large diameter 
portion 61a and a small diameter portion 61b, which ex- 
tends from axially from the center of the large diameter 
portion 61a. The small diameter portion 61b extends 
from the large diameter portion 61a along the axis L by 
15 the distance Y along the axis L and the maximum clear- 
ance X1 formed between the contact surface 16a and 
the second restriction surface 51a. In other words, the 
allowable clearance X1 between the drive shaft 16 and 
the second restriction surface 51 a is added to the dis- 
20 tance Y to determine the length of the small diameter 
portion 61b. 

[0044] As shown in Figure 3 (b), when the small di- 
ameter portion 61b is inserted into the through hole 51c 
of the restriction member 51 , the large diameter portion 
25 61a of the jig 61 contacts the rear end surface of the 
restriction member 51 . Also, the small diameter portion 
61 b engages the contact surface 1 6a of the drive shaft 
16 and pushes the drive shaft 16 forward. Thus, as 
shown in Figure, 2, the jig 61 presses and advances the 
30 restriction member 51 in the accommodation hole 12a 
to a position where the forward movement of the drive 
shaft 16 is restricted by the first restriction surface 11a 
via the thrust bearing 20. The axial distance by which 
the small diameter portion 61b extends from the second 
35 restriction surface 51 a corresponds to a predetermined 
clearance X1 between the contact surface 16a and the 
second restriction surface 51a. 

[0045] When electromagnetic clutch 23 is deactuated 
or the acceleration of a vehicle is executed when the 
^0 discharge displacement of the compressor is maximum, 
for example, the displacement control valve 46 abruptly 
and fully opens the supply passage 44 from a fully 
closed state. Accordingly, the refrigerant gas in the dis- 
charge chamber 38 is supplied into the crank chamber 
45 15 at a high rate. Since the bleed passage 45 cannot 
discharge the refrigerant gas at such a high rate, the 
pressure in the crank chamber 1 5 is abruptly increased, 
and the inclination angle of the swash plate 31 is rapidly 
reduced. As a result, the swash plate 31 (shown by the 
50 broken line in Figure 1 ), when located at the minimum 
inclination angle, is pressed against the restriction ring 
34 by excess force and the rotor 30 is strongly pulled in 
a rearward direction through the hinge mechanism 32. 
As a result, the drive shaft 1 6 is moved rearward. 
55 [0046] However, in this embodiment, the clearance 
X1 is the smallest of the three clearances X1 , X2, X3. 
Therefore, clearance (the maximum of which is X2) be- 
tween one of the pistons 35 that is at the top dead center 
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position and the valve plate 1 4 and clearance (the max- 
imum of which is X3) between the pulley 24 of the elec- 
tromagnetic clutch 23 and the armature 28 when the 
clutch 23 is deactuated exists even if the rearward 
movement of the drive shaft 1 6 is restricted by contact 
between the contact surface 1 6a and the second restric- 
tion surface 51 a of the restriction member 51 . Therefore, 
in operation, when out of the pistons 35 is moved to the 
top dead center position, collision with the valve plate 
14 is avoided and vibrations, damage, and noise due to 
the collision to both elements 14 and 35 is prevented. 
In addition, when the electromagnetic clutch 23 is deac- 
tuated, noise and vibrations due to contact between the 
pulley 24 and the armature 28 and heat generation are 
prevented. 

[0047] The present embodiment has the following ef- 
fects. 

[0048] The compressor of the present embodiment 
does not have the support spring 113 in Figure 7. There- 
fore, wear in the thrust bearing 111, which receives a 
load from the supporting spring 1 1 3, and the power loss 
of the compressor are reduced. The reduction in the 
power loss of the compressor reduces the fuel con- 
sumption of the vehicle engine Eg. Further, since the 
compressor does not have the supporting spring 113, 
there is no need for providing a thrust bearing between 
the drive shaft 16 and the supporting spring 113, which 
simplifies the structure. 

[0049] By using the space that contains the rear end 
portion of the drive shaft 1 6, in other words, by using the 
space portion within the accommodation hole 12a, rear- 
ward movement of the drive shaft 16 is restricted. 
[0050] The rear end surface of the drive shaft 16 is 
used as the contact surface 16a. Thus, the restriction 
structure that restricts the rearward movement of the 
drive shaft 16 is simple. 

[0051] In a case where the restriction member 51 is 
integrated with the cylinder block 12, when the drive 
shaft 16 is assembled with the cylinder block 12, final 
grinding of the second restriction surface 51 a is needed 
to obtain the respective desirable clearances X1 , X2 and 
X3 (X1 < X2, X3). Accordingly, the assembly is compli- 
cated. However, in the embodiment of the present in- 
vention, since the cylinder block 12 and the restriction 
member 51 are different parts, the position of the restric- 
tion member 51 within the accommodation hole 12a of 
the cylinder block 1 2 may be changed. Thus , the respec- 
tive desirable clearances X1 , X2 and X3 can be easily 
set. 

[0052] The restriction member 51 is press-fitted in the 
accommodation hole 12a of the cylinder block 12. 
Therefore, the fixation of the restriction member 51 to 
the cylinder block 12 does not require a fastener such 
as a bolt or the like or an adhesive, and the assembly is 
performed by only pressing with the jig 61 . In addition, 
the position of the second restriction surface 51 a is eas- 
ily determined in the accommodation hole 12a. 
[0053] When the restriction member 51 is fixed by 



threads in the accommodation hole 12a, for example, 
the positioning of the second restriction surface 51a is 
carried out by controlling rotation of the restriction mem- 
ber 51 . However, the restriction member 51 receives ro- 

5 tational force by contact with the drive shaft 1 6 (contact 
surface 1 6a) Thus, the position of the second restriction 
surface 51 a in the accommodation hole 12a may be al- 
tered. However, in the embodiment, since the restriction 
member 51 is press-fitted in the accommodation hole 

10 12a, the position of the second restriction surface 51a 
does not change. 

[0054] The restriction member 51 is made of a mate- 
rial (an aluminum type or brass type metallic material) 
having the same thermal expansion coefficient as that 

*5 of the material (aluminum type metallic material) of the 
cylinder block 12. Thus, the difference in the thermal ex- 
pansion between the cylinder block 12 and the restric- 
tion member 51 is negligible, and the degree of interfer- 
ence between the restriction member 51 and the cylin- 

20 der block 12 is not significantly changed. As a result, 
generation of a cracks the restriction member 51 or the 
cylinder block 1 2 due to changes in the interference and 
1 a changes of the clearance X1 by the movement of the 
second restriction surface 51a are prevented. 

25 [0055] The restriction member 51 is made of material 
(aluminum type or brass type metallic material) that is 
different from the material (iron type metallic material) 
of the drive shaft 16 (contact surface 16a). Thus, as 
compared with a case where the restriction member 51 

30 js made of the same metallic material as that of the drive 
shaft 1 6, seizing due to sliding between the contact sur- 
face 16a and the second restriction surface 51a does 
not occur. 

[0056] As shown in Figure 2(a), the abrasion resistant 

35 coating 51 b is formed on the second restriction surface 
51 a of the restriction member 51 . Therefore, deteriora- 
tion of the second restriction surface 51a due to abra- 
sion between the second restriction surface 51 a and the 
contact surface 16a of the drive shaft 16 and a corre- 

40 sponding increase in the clearance X1 do not occur. As 
a result, collisions between the piston 35 and the valve 
plate 14 are prevented over an extended period, and 
contact between the pulley 24 and the armature 28 
when the electromagnetic clutch 23 is deactivated is al- 

45 so prevented. 

[0057] Compared to a pressure sensing valve that 
maintains the suction pressure at a target suction pres- 
sure, the displacement control valve 46 quickly changes 
the compressor displacement from the maximum level 

50 to the minimum level, that is, the valve 46 quickly in- 
creases the pressure in the crank chamber 15. The 
present invention is particularly effective in a compres- 
sor having a control valve like the control valve 46. 
[0058] When press fitting the resrtiction member 51 

55 into the accommodation hole 12a, the first restriction 
surface 1 1 a prevents the drive shaft 1 6 from moving. As 
a result, the drive shaft 16 need not be prevented from 
moving by, for example, means other than the jig 61 . 
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[0059] It is noted that in the second and third embod- 
iments of the present invention, only the differences be- 
tween the first embodiment and the embodiments are 
described, and the same members are denoted by the 
same reference numerals and the explanations thereof 
are omitted. 

[0060] A second embodiment shown in Figure 4 (a) 
differs mainly from the first embodiment shown in Fig- 
ures 1 to 3 (b) in that there is a contact member 53, a 
contact surface 53a of which is made of a material dif- 
ferent from that of the drive shaft 16 and that second 
restriction surface 14e is provides by the valve plate 14. 
[0061] In this embodiment a cylindrical contact mem- 
ber 53 is press-fitted onto a small diameter portion 1 6b 
formed on the rear end of the drive shaft 1 6. The rear 
end surface of the contact member 53 functions as a 
contact surface 53a. A portion of the first subplate 1 4b 
of the valve plate 14, which faces to the contact surface 
53a in the accommodation hole 12a, functions as the 
second restriction surface 14e. The contact member 53 
is made of a material (for example, an iron type metallic 
material) having substantially the same thermal expan- 
sion coefficient as that of the material (an iron type me- 
tallic material) of the drive shaft 16. As shown in Figure 
4 (a), a coat of fluoroplastics such as polytetrafluoroeth- 
ylene or the like, and an abrasion resistant coating 53b 
of tin or the like are formed on the contact surface 53a. 
[0062] As shown in Figures 5 (a) and 5 (b), a jig 63 
has an outer diameter larger than the accommodation 
hole 12a. The jig 63 has a cylindrical large diameter por- 
tion 63a and a small diameter portion 63b, which ex- 
tends axially from the large diameter portion 63a. The 
small diameter portion 63b has a diameter smaller than 
that of the accommodation hole 1 2a. The small diameter 
portion 63b extends from the large diameter portion 63a 
by a distance equal to the maximum clearance X1 be- 
tween the contact surface 53a and the second restric- 
tion surface 14e. 

[0063] As shown in Figure 5 (b), when the contact 
member 53 is fitted onto the small diameter portion 1 6b 
of the drive shaft 1 6, the contact surface 53a is moved 
in the direction of the axis L by the small diameter portion 
63b until the large diameter portion 63a contacts the rear 
end surface 12b of the cylinder block 12. Accordingly, 
the drive shaft 16 is press fitted into the contact member 
53. When the forward movement of the drive shaft 1 6 is 
limited by the first restriction surface lla, the press fitting 
motion is stopped. Therefore, a predetermined clear- 
ance X1 is defined between the contact surface 53a and 
the imaginary plane (the second restriction surface 14e) 
of the rear end surface 12b of the cylinder block 1 2. The 
clearance X1 corresponds to the axial dimension of the 
small diameter portion 63b. 

[0064] The second embodiment has the following ef- 
fects other than the same effects in the first embodiment 
shown in Figure 1 to Figure 3 (b). 
[0065] In the second embodiment, a valve plate 1 4 (a 
suction valve forming plate 14b) serves as the second 



restriction surface. Thus, the structure that restricts the 
movement of the drive shaft 1 6 is simple. 
[0066] For example, if the contact member 53 were 
directly formed on the drive shaft 1 6, afterthe drive shaft 
5 1 6 is actually assembled with the cylinder block 1 2, fin- 
ish grinding of the contact surface 53a of the drive shaft 
1 6 is needed to obtain the respective required clearanc- 
es X1 , X2 and X3 (X1 < X2, X3). However, in this em- 
bodiment, the contact surface 53a is formed by the con- 
10 tact member 53 which is a different part from the drive 
shaft 16. Thus, it is easy to form the respective desired 
clearances X1 , X2 and X3. 

[0067] The contact member 53 is press fitted on the 
small diameter portion 16b of the drive shaft 16. Thus, 
mounting hardware such as bolts or adhesive are not 
required for fixing the contact member 53 to the drive 
shaft 16, which simplifies the assembly. In addition, the 
position of the contact surface 53a is easily determined 
by press fitting the contact surface 53a on the drive shaft 

20 16. 

[0068] When the contact member 53 is fixed to the 
drive shaft 1 6 by threading, for example, the positioning 
of the contact surface 53a is determined by rotation of 
the contact member 53. However, the contact member 
25 53 which is rotated together with the drive shaft 1 6 re- 
ceives rotational force when it contacts the second re- 
striction surface 1 4e, and the position of the contact sur- 
face 53a with respect to the drive shaft 1 6 may change. 
In the second embodiment, however, since the contact 
30 member 53 is press-fitted to the drive shaft 1 6, the po- 
sitioning of the contact surface 53a does not change. 
[0069] The contact member 53 is made of a material 
(an iron type metallic material) having the same thermal 
expansion coefficient as that of the material (iron type 
35 metallic material) of the drive shaft 1 6. Thus, since the 
difference in thermal expansion between the drive shaft 
16 and the contact member 53 is negligible, the clear- 
ance X1 does not change as in the first embodiment. 
[0070] As shown in Figure 4 (a), an abrasion resistant 
40 coating 53b is formed on the contact surface 53a of the 
contact member 53. Therefore, deterioration of the con- 
tact surface 53a due to abrasion between the second 
restriction surface 1 4e and the contact surface 53a and 
a corresponding increase in the clearance X1 are pre- 
45 vented. As a result, collisions between the piston 35 and 
the valve plate 14 are prevented over an extended pe- 
riod, and contact between the pulley 24 and the arma- 
ture 28 is also prevented. 

[0071] The jig 63 has a large diameter portion 63a for 
so restricting the movement of the small diameter portion 
63b into the accommodation hole 1 2a. Thus, in the proc- 
ess of press-fitting the contact member 53 in the drive 
shaft 1 6 while the movement of the drive shaft 1 6 is re- 
stricted by the first restriction surface 11a, the desired 
55 clearance X1 is set. 

[0072] The present invention may be modified as fol- 
lows. 

[0073] As shown in a third embodiment of Figure 6, 
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the contact member 53 may be fitted in a hole 16c 
formed in the drive shaft 1 6. 

[0074] The restriction ring 34 may function as a con- 
tact portion, and the inner wall surface of the cylinder 
block 12 may function as the second restriction surface. 
That is, a structure that limits the rearward movement 
. of the drive shaft 1 6 may be formed at a location other 
than the end of the drive shaft 16. 
[0075] In the embodiment shown in Figure 1 to Figure 
3(b), an abrasion resistant film may also be formed on 
the contact surface 1 6a of the drive shaft 1 6. In addition, 
in the embodiment shown in Figure 4 to Figure 5(b), an 
abrasion resistant coating may also be formed on the 
second restriction surface 14e of the valve plate 14. 
[0076] As an abrasion resistance imparting process 
for forming a coating other than the abrasion resistant 
coating 51b and 53b of the above-mentioned embodi- 
ments, a soft nitriding process, or a metal spray coating 
such as copper spray coating may be executed. 
[0077] In addition, the compressor in which the 
present invention is embodied may be a clutch less type 
compressor. In this case, during operation of the engine 
Eg, the drive shaft 16 is always rotated. 
[0078] The present invention can be embodied in a 
wobble type variable displacement compressor or a 
fixed displacement compressor in which a swash plate 
31 is directly secured to the drive shaft 1 6. 
[0079] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0080] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 
and equivalence of the appended claims. 
[0081] A piston (35) type compressor has a housing, 
a crank chamber (15) and a drive shaft (1 6) supported 
by the housing. A front restriction (11a) and a rear re- 
striction (51a, 14e) are located in the housing. The front 
and rear restrictions (Ha, 51a, 14e) restrict axial move- 
ment of the drive shaft (16). The front restriction (11a) 
restricts forward movement of the drive shaft (16). The 
rear restriction (51 a, 1 4e) restricts rearward axial move- 
ment of the drive shaft (1 6). A first clearance (X1 ) is lo- 
cated between the rear end of the drive shaft (16) and 
the rear restriction (51a, 14e) when the drive shaft (16) 
is restricted by the front restriction (1 1 a). A second clear- 
ance (X2) is formed between the piston (35) and a valve 
plate (14) when the drive shaft (16) is restricted by the 
front restriction (11a) and when the piston (35) is in the 
top dead center position. The first clearance (X1 ) is nar- 
rower than the second clearance. The method of as- 
sembly the piston (35) easily sets the first clearance 
(X1). 
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Claims 

1 . A piston type compressor, the compressor being 
a housing; 

a crank chamber (15) formed in the housing; 
a drive shaft (16) rotatably supported by the 
housing in the crank chamber (15), wherein the 
drive shaft (16) has an end surface (16a); 
a cylinder bore (33) formed in the housing; 
a piston (35) located in the cylinder bore (33), 
wherein the piston (35) reciprocates between a 
top dead position and a bottom dead position; 
a valve plate (14) located at an opposite side 
of the piston (35) from the crank chamber (15); 
and 

a swash plate (31) connected with the piston 
(35) to change the rotation of the drive shaft 
(16) to reciprocation of the piston (35), wherein 
the swash plate (31) integrally rotates with the 
drive shaft (16), characterized by 
a front restriction (11a) and a rear restriction 
(51a, 14e) located in the housing and for re- 
stricting a movement in the axial direction of the 
drive shaft (16), wherein the front restriction 
(11a) restricts the axial movement of the drive 
shaft (16) in a forward direction, wherein the 
rear restriction (51a, 14e) restricts axial move- 
ment of the drive shaft (16) in a rear direction; 
and 

a first clearance (X1 ) formed between the end 
surface (1 6a) of the drive shaft (1 6) and the rear 
restriction (51a, 14e) when the movement of 
the drive shaft (1 6) is restricted by the front re- 
striction (11a), wherein a second clearance 
(X2) is formed between the piston (35) and the 
valve plate (14) when the movement of the 
drive shaft (1 6) is restricted by the front restric- 
tion (lla) and when the piston (35) is in the top 
dead center position, wherein the first clear- 
ance (X1) is smaller than the second clearance 
(X2). 

2. The piston type compressor according to claim 1 , 
characterized in that the drive shaft (16) has an end 
portion, which includes the end surface (16a), 
wherein an accommodation hole (1 2a) is formed in 
the housing, wherein the accommodation hole 
(12a) accommodates the end portion, wherein the 
rear restriction (51a, 14e) is located in the accom- 
modation hole (12a). 

3. The piston type compressor according to claim 1 
further comprising a restriction member (51), 
wherein a surface (51a) of the restriction member 
(51) functions as the rear restriction. 

4. The piston type compressor according to claim 3, 
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characterized in that the restriction member (51) is 
press fitted in the accommodation hole (12a). 

The piston type compressor according to claim 4, 
characterized in that the heat expansion coefficient 
of the material of the restriction member (51 ) is sub- 
stantially equal to the heat expansion coefficient of 
the material of the housing. 

The piston type compressor according to claim 1 , 
characterized in that a contact member (53) is at- 
tached to the end of the drive shaft (16), wherein a 
surface (53a) of the contact member (53) is the end 
surface (16a) of the drive shaft (16). 

The piston type compressor according to claim 6, 
characterized in that the contact member (53) is 
press fitted to the drive shaft (16). 



8. The piston type compressor according to claim 7, 20 
characterized in that the heat expansion coefficient 

of the material of the contact member (53) is sub- 
stantially equal to the heat expansion coefficient of 
the material of the drive shaft (16). 

25 

9. A piston type compressor comprising: 

a housing; 

a crank chamber (15) formed in the housing; 
a drive shaft (16) rotatably supported by the 30 
housing in the crank chamber (15), wherein the 
drive shaft (16) has an end surface (16a); 
a cylinder bore (33) formed in the housing; 
a piston (35) located in the cylinder bore (33), 
wherein the piston (35) reciprocates between a 35 
top dead position and a bottom dead position; 
a valve plate (14) located at an opposite side 
of the piston (35) from the crank chamber (1 5); 
a swash plate (31) connected with the piston 
(35) to change the rotation of the drive shaft 40 
(16) to reciprocation of the piston (35), wherein 
the swash plate (31) integrally rotates with the 
drive shaft (16); 

an electromagnetic clutch (23) for coupling and 
decoupling a power source (Eg) and the drive 45 
shaft (16), wherein the power source (Eg) is lo- 
cated outside of the housing; 
a driven rotary member (24) supported on the 
housing; 

an armature (28) integrally connected with the so 
drive shaft (16) and facing the rotary member 
(24); and 

an electromagnetic coil (29) for generating an 
electromagnetic force to engage the armature 
(28) with the rotary member (24) , characterized 55 
by 

a front restriction (11a) and a rear restriction 
(51a, 14e) located in the housing for restricting 



axial movement of the drive shaft (16), wherein 
the front restriction (lla) restricts movement of 
the drive shaft (16) in a forward direction, 
wherein the rear restriction (51a, 14e) restricts 
axial movement of the drive shaft (1 6) in a rear- 
ward direction, wherein a first clearance (X1) 
formed between the end surface (16a) of the 
drive shaft (16) and the rear restriction (51a, 
1 4e) when the movement of the drive shaft (1 6) 
is restricted by the front restriction (11a), where- 
in a second clearance (X3) is formed between 
the armature (28) and the driven rotary member 
(24) when the movement of the drive shaft (1 6) 
is restricted by the front restriction (lla), wherein 
the first clearance (X1 ) is smaller than the sec- 
ond clearance (X3). 

10. The piston type compressor according to claim 9, 
characterized in that the drive shaft (16) has an end 
portion, which includes the end surface (16a), 
wherein an accommodation hole (12a) is formed in 
the housing, wherein the accommodation hole 
(12a) accommodates the end portion, wherein the 
rear restriction (51a, 14e) is located in the accom- 
modation hole (12a). 

11. The piston type compressor according to claim 9 
further comprising a restriction member (51), 
wherein a surface of the restriction member (51) 
functions as the rear restriction (51 a). 

12. The piston type compressor according to claim 11 , 
characterized in that the restriction member (51) is 
press fitted in the accommodation hole (12a). 

13. The piston type compressor according to claim 12, 
characterized in that the heat expansion coefficient 
of the material of the restriction member (51 ) is sub- 
stantially equal the heat expansion coefficient of the 
material of the housing. 

14. The piston type compressor according to claim 9, 
characterized in that a surface of the vafve plate 
(14) functions as the rear restriction (1 4e). 

15. The piston type compressor according to claim 9, 
characterized in that a contact member (53) is at- 
tached to the end (16b) of the drive shaft (16), 
wherein a surface (53a) of the contact member (53) 
is the end surface (16a) of the drive shaft (16). 

16. The piston type compressor according to claim 15, 
characterized in that the contact member (53) is 
press fitted to the drive shaft (16). 

17. The piston type compressor according to claim 1 6, 
characterized in that a heat expansion coefficient of 
the material of the contact member (53) is substan- 
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tially equal to a heat expansion coefficient of the 
material of the drive shaft (16). 

18. An assembly method for a piston type compressor, 
characterized by : 5 

locating an end portion of a drive shaft (16) in 
an accommodation hole (12a) of a housing; 
pressing a restriction member (51) by a first 
portion (61a) of a jig (61) into the accommoda- 10 
tion hole (12a), wherein the pressing includes 
pressing the restriction member (51) axially in 
the accommodation hole (12a) until the move- 
ment of the drive shaft (16) is restricted by a 
wall (1 1 a) of the housing after a second portion 15 
(61b) of the .jig (61) contacts an end surface 
(16a) of the drive shaft (16), and the pressing 
further includes forming a predetermined clear- 
ance (X1 ) between the end surface (1 6a) of the 
drive shaft (1 6) and a restriction surface (51 a, 20 
1 4e) of the restriction member (51 ). 

19. An assembly method for a piston type compressor, 
characterized by: 

25 

locating an end portion of a drive shaft (16) in 
an accommodation hole (12a) of a housing; 
pressing a contact member (53) on the drive 
shaft (16) by a first portion (63b) of a jig (63), 
wherein the pressing includes pressing the 30 
contact member (53) axially on the drive shaft 
(16) by the first portion (63b) of the jig (63) to a 
position wherera second portion (63a) of the jig 
(63) contacts a wall (12b) in which the accom- 
modation hole i(12a) is formed, and the press- 35 
ing further includes forming a predetermined 
clearance (X1) between the end surface (53a) 
of the contact member (53) and a valve plate 
(14). 

40 



45 



50 
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Bavariaring 4-6 
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(54) Piston type compressor and compressor assembly method 



(57) A piston (35) type compressor has a housing, 
a crank chamber (15) and a drive shaft (16) supported 
by the housing. A front restriction (11a) and a rear re- 
striction (51a, 14e) are located in the housing. The front 
and rear restrictions (11a, 51a, 14e) restrict axial move- 
ment of the drive shaft (16). The front restriction (11a) 
restricts forward movement of the drive shaft (1 6). The 
rear restriction (51a, 14e) restricts rearward axial move- 
ment of the drive shaft (16). A first clearance (X1) is lo- 



cated between the rear end of the drive shaft (16) and 
the rear restriction (51a, 14e) when the drive shaft (16) 
is restricted by the front restriction (1 1 a). A second clear- 
ance (X2) is formed between the piston (35) and a valve 
plate (14) when the drive shaft (16) is restricted by the 
front restriction (11a) and when the piston (35) is in the 
top dead center position. The first clearance (X1 ) is nar- 
rower than the second clearance. The method of as- 
sembly the piston (35) easily sets the first clearance 
(X1). 



Fig.1 



CO 

< 

00 
CM 
^- 

CM 
CM 



Q. 

LU 



36 35 




46a 



-13 



Printed by Jouve, 75001 PARIS (FR) 



3NSDOCID: <EP 1122428A3J_> 



EP 1 122 428 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 0581 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate 
of relevant passages 



US 5 063 829 A (TAKAO ET AL) 
12 November 1991 (1991-11-12) 

* figure 1 * 

* column 9, lines 7-11 * 

* column 9, lines 19-24 * 



PATENT ABSTRACTS OF JAPAN 
vol. 1996, no. 08, 
30 August 1996 
& JP 08 109878 
LTD), 30 April 
* abstract * 



(1996-08-30) 

A (TOYOTA AUTOM LOOM WORKS 
1996 (1996-04-30) 



US 5 316 446 A (KIMURA ET AL) 
31 May 1994 (1994-05-31) 

* figures 1,7 * 

* column 6, lines 2-7 * 

* column 7, lines 5-23 * 



US 5 540 559 A (KIMURA ET AL) 
30 July 1996 (1996-07-30) 

* figures 1,6 * 

* column 9, lines 14-25 *■ 



Relevant 
to claim 



1-3,6 



18,19 



1-3,6 



1-3 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



F04B27/10 
F04B27/18 
F04B39/14 



TECHNICAL FIELDS 
SEARCHED (lntCI.7) 



F04B 



Tho present a cor eh report haa been drown up (or oil cloima 



Place of sea/cti 

Munich 



Date of completion of the search 

22 March 2005 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant il taken atone 

Y : particularly relevant if combined with anothei 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



Examiner 



Richmond, R 



T : theory or principle underlying the invention 

: ^1L P f? nX documem - btf Published on. or 
after the filing dale 

0 : document cited in the application 
L : document cited for other reasons 



& document*' ^ ^ paIem ,aml, y. corresponding 



2 



BNSDOCID: <EP 1122428A3_I_> 



EP 1 122 428 A3 



J 



European Patent 
Office 



Application Number 
EP 01 10 0581 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time of filing more than ten claims. 

(— I Only part of the claims have been paid within the prescribed time limit. The present European search 



□ ESSSSS Jffit - * PfeSCribed *<* ,imit - The present Euro ^ W has 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comDlv with the 
requirements of umty of invention and relates to several inventions or groups ofinventi^ 



see sheet B 



□ ^ WitWn ^ " X6d time limH ^ —* report has 



□ 



Only part of the further search fees have been paid within the fixed time limit. The present Eurooean 
search report has been drawn up for those parts of the European patent application which relateto^he 
inventions in respect of which search fees have been paid, namely claims- 



K\ h th t furtn ,T searcn , fee ? have 6060 P 3 ^ """in the fixed time limit. The present European search 

1-8, 18, 19 



3NSDOCID: <EP_ 



_1122428A3J_> 



EP1 122 428 A3 



European Patent 

LACK OF UNITY OF INVENTION Application Number 

SHEET B EP 01 10 0581 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions nametyr: 

1. claims: 1-8,18,19 



A piston rotary compressor comprising a crank chamber, a 
drive shaft, a cylinder bore, a piston, a valve plate a 
swash plate, a front and rear restriction, a clearance 
formed between the piston and the valve plate. 



2. claims: 9-17 



A piston rotary compressor comprising a crank chamber, a 
drive shaft, a cylinder bore, a piston, a valve plate, a 
swash plate, a electromagnetic clutch, a driven rotary 
member, and electromagnetic coil, a front and rear 
restriction, a clearance formed between the armature and the 
driven rotary member. 



BNSDOCID: <EP 1122428A3_I_> 



4 



EP 1 122 428 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 10 0581 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

22-03-2005 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



us 


5063829 


A 


12-11- 


-1991 


JP 


3194937 B2 


06-08-2001 












JP 


3258975 A 


19-11-1991 


JP 


08109878 


A 


30-04- 


•1996 


NONE 






us 


5316446 


A 


31-05- 


-1994 


JP 


2979687 B2 


15-11-1999 












JP 


4295185 A 


20-10-1992 












DE 


4290951 CI 


22-12-1994 












WO 


9217704 Al 


15-10-1992 












KR 


9601566 81 


02-02-1996 


us 


5540559 


A 


30-07- 


1996 


JP 


3125952 B2 


22-01-2001 












JP 


6288347 A 


11-10-1994 












DE 


4411926 Al 


13-10-1994 












KR 


119122 Bl 


30-09-1997 



5 
cr 

s 

O 

in For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



BNSDOCID: <EP 11 22428 A3 J _> 



THIS PAGE BLANK 



